The effects of conventional and organic management systems on soil chemical properties and leaf nutrients under Mediterranean conditions were studied over a 2-year period on adjacent commercial apple orchards in Southern Greece. The soil in both orchards was characterised as a clay loam-clay and was uniform in morphological and physical properties. The results indicated no significant differences in soil chemical properties between the different management systems, including soil organic matter (SOM), pH, cation exchange capacity (CEC) and C/N ratio. However, soil samples from the conventional orchard exhibited significantly higher values (p< 0.01) of electrical conductivity (EC) and higher concentrations of K, Ca, Na, Cu and Zn, which were likely the result of chemical fertiliser application. Despite the fact that organic systems promote the accumulation of soil organic matter and fertility over time through the use of organic sources, in our study, the SOM values declined, suggesting that the type and the rate of organic matter input in the organic orchard were insufficient. The leaf nutrients, with the exception of P and Ca, were within the sufficiency range in both management systems. The present findings did not provide evidence of major differences in the leaf macronutrient content between conventionally and organically grown apple trees. Nevertheless, our leaf analysis revealed higher concentrations of Zn in the conventionally grown trees and opposite results for Cu, probably due to the extensive use of copper-containing fungicides in organic orchards in Greece.
Introduction
Organic farming has gained ground worldwide and has expanded in the last decade due to environmental, economic and social concerns (Araujo et al., 2008) .
Organic farming has been proposed as an alternative agricultural system to help solve the environmental problems arising from conventional management, such as frequent pesticide applications, excessive inputs of chemical fertilisers, soil degradation and the presence of pesticide residues in food (Stockdale et al., 2001) . In the European Union, organic production systems have been increasing with an annual growth rate of 26% and currently play an increasingly important role in agriculture (Herencia et al., 2008a) .
The transition from conventional to organic farming often results in significant changes in the soil chemical properties and is thus likely to modify the processes that affect soil fertility. These changes also affect the mineral availability to crops either directly by contributing to nutrient pools or indirectly by influencing the soil environment. Studies comparing conventional and organic farming systems have shown an increase in soil organic matter (SOM) and mineral contents in organically managed soils (Herencia et al., 2008b) . Nevertheless, there is still inconsistent data on the effect of different management systems on soil properties. According to Gosling and Shepherd (2005) , the comparison of organically and conventionally managed systems is rather complicated and difficult due to the great overlap in management techniques.
As suggested by Marinari et al. (2006) and Vakali et al. (2011) , management systems react differently under different climatic regimes; thus, it is important to evaluate the effect of organic management on the soil properties and plant mineral nutrition under a wide range of climatic regimes. According to Canali et al. (2009) , there is insufficient data on the simultaneous comparison between the two farming systems under Mediterranean conditions. Previous findings have shown that the marketable defect-free apple fruits produced from organically and conventionally grown trees of the study area exhibited similar quality characteristics (Roussos and Gasparatos, 2009 ). Because the published data on the soil chemical properties and plant mineral content show no consistent trends that may be attributed to different management systems, further studies are necessary to obtain more information on this topic. Therefore, the aim of this study was to evaluate the effects of organic management practices on the soil chemical proper- 
Materials and methods

Orchard site and cultivation practices
As apple (Malus domestica Borkh.) is the fourth most important tree crop in Greece, following olive, citrus and peach (Vasilakakis, 2010) , the present study was focused on commercial apple orchards. The experiment took place in adjacent commercial, irrigated apple orchards, one organic and one conventional, each approximately 1.0 ha in size, to avoid any pedoclimatic impact on the possible differences detected. The variety used was "Starking Delicious" grafted onto MM.
106 rootstock. The orchards were typical of the region in which they were located (e.g., cultivar, tree training system, planting distances) and were cultivated 
Plant material
The 
Soil and leaf sampling
Representative soil samples were collected at a 30-cm depth according to a sampling procedure -zigzag or ''W" pattern (Pennock et al., 2008) an oven at 70 °C until they reached a constant weight, the leaves were ground into a fine powder.
Soil and leaf analysis
The soil samples were air-dried and ground to 2 mm prior to analysis. The particle size analyses were conducted using the hydrometer method, with a 2-h reading for the clay concentration (Gee and Bauder, 1986) . Electrical conductivity (EC) and soil pH were measured in a 1 : 1 soil : distilled water (w-v) suspension (McLean, 1982) . Organic matter was determined using the Walkley-Black wet digestion method (Nelson and Sommers, 1982) and total N was titrimetrically measured after the distillation of NH 3 using the Kjeldahl digestion (Bremner and Mulvaney, 1982) . Exchangeable cations and the cation exchange capacity (CEC) were determined using an ammonium acetate extraction method (Thomas, 1982) . Plant available P was determined according to Olsen et al. (1954) . The available metals were extracted from the soils by shaking 10 g of sample for 2 h with 20 ml 0.005 diethylenetriamine-pentaacetic acid (DTPA) adjusted to pH = 7.3, prepared as described by Lindsay and Norvell (1978) . Several studies have shown that DTPA is the most suitable extractant for the determination of metal availability in soils (Herencia et al., 2008a; 2008b) .
For the mineral analysis, the leaf samples were treated using standard procedures (Jones and Case, 1990) . Nitrogen was analysed using the Kjeldahl method, whereas P was evaluated colorimetrically using the H 2 SO 4 /H 2 O 2 digestion method (Gasparatos and Haidouti, 2001 ). Potassium and Na were measured using flame emission spectroscopy and Ca, Mg, Fe, Mn, Cu and Zn were measured using atomic absorption spectrophotometry (Varian SpectrAA 300).
The contents of the plant macronutrients and mesonutrients (N, P, K, Ca, Mg and Na) are expressed as the percentage of dry weight; the contents of the plant micronutrients (Fe, Mn, Cu and Zn) are expressed as mg kg -1 of dry weight.
Statistical analysis
The trial was a pseudo-replicated trial (the management system was single replicated per year, whereas the three plots within each orchard served as replications for the statistical analysis) following the splitplot design (Roussos and Gasparatos, 2009 ). Due to the small number of organically managed apple orchards in Greece, this kind of replication was used for strengthening the reliability of the statistical analysis without any effect on the actual conclusions, based on the recorded raw data. Nevertheless, the data derived through the limited number of orchards used could possibly represent the specific agricultural practices employed. The management system comprised the main plot, the subplot comprised the replicate and the trees constituted the experimental units. Concerning the soil properties, significant differences between the management systems were determined using Student's t-test.
Data on the effect of time on the leaf nutrient concentrations were analysed by an orthogonal comparison test and any significant interaction between management system and time was determined using Tukey's HSD. Each sample of either soil or leaves was analysed twice. The statistical analyses were performed using JMP 7.0 statistical software (SAS Institute).
Results and Discussion
Effect of the orchard management system on the soil chemical properties
The soil in both orchards was a clay loam-clay soil with no significant differences in the sand, silt and clay contents (Figure 1 ). Because comparisons of organic with conventional management systems are difficult due to the variation of many potential factors (e.g., soil type, climate conditions, crops), soil homogeneity is essential for these comparisons to be experimentally valid (Gosling and Shepherd, 2005; Canali et al. 2009 ).
The SOM is usually considered to be one of the most important properties of soils due to its significant impact on other biological and physicochemical soil properties. Thus, it is noteworthy that there was no significant difference in the levels of SOM between the two management systems (Table 1) are generally considered to be higher in organic systems; nevertheless, as was found in the present study the application rates of these inputs (mainly as plant residues) were probably insufficient to increase the amounts of soil organic matter. Similar data have been previously reported by Sanchez et al. (2007) , who found low SOM levels (< 2%) in the topsoil under an organic fruit production system. These results indicate that the continuous addition of higher quantities of manure under an organic management system is important to maintain a sufficient level of SOM, which is easily oxidised, especially under the Mediterranean climatic conditions of the present study.
With the exception of the EC values and concentrations of Na, K, Ca, Cu and Zn, the variables evaluated did not present significant differences under the two management systems ( Table 2 ). As EC is strongly influenced by management practices, it can be used as an indicator of the extended use of fertilisers in
soil. An increase in the EC in conventionally managed soils could be due to the higher input of salts (in the forms of chemical fertilisers and/or pesticides) (Table 1) , which was further supported by the higher Na concentration in the conventionally managed soil (Table 2 ).
As noted previously by Roussos and Gasparatos (2009) , the soil was very uniform in morphological and physical characteristics, including colour, structure and drainage capability, implying that any differences in the soil properties and plant nutrient concentrations could be attributed mainly to the management system and not to soil heterogeneity. The comparable CEC values also confirm the similar pedological origin of the soils under the two management systems (Table 1) . However, under both agricultural systems, EC and Na were low and did not influence plant growth. The available K and Ca values in the conventionally managed soils were higher than those in the organically managed soil due to the application of mineral fertilisation (Table 2) . Numerous studies have shown a K deficiency in organic farms due to the lower input of nutrients (Stockdale et al., 2001; Berry et al., 2003; Gossling and Shepherd, 2005) . In contrast, the bian- Nevertheless, the organic orchard showed higher values of Mn than the conventional orchard, although there were no statistically significant differences.
Many studies have shown that organically managed soils with adequate levels of organic inputs have significantly higher soil micronutrient contents due to the ability of the organic matter to increase the solubility of metals (Stockdale et al., 2001; Herencia et al., 2008a; 2008b) . However, the results of this study indicated that the type and the application rate of the organic matter input in the organically management orchard were not sufficient to increase the availability of the metals in the soil. Microbial decomposition of organic compounds creates reducing conditions that increase the solubility of some micronutrients, especially that of Mn (Herencia et al., 2008a) , accounting for its higher concentration in the organic orchard compared to the conventional one.
Due to the low availability of any type of manure in Greece and its subsequent high cost, the organic farmer incorporated weeds, pruning residues, nonmarketable or dropped fruits and fresh residues of vegetable crops as organic amendments (i.e., plant compost) to compensate for any nutrient losses and to strengthen nutrient cycling (Condron et al., 2000) .
However, the decomposition and mineralisation of organic materials require significant time and can potentially decrease the nutrient availability in the soil. In accordance with our results, Herencia et al. (2008b) have shown that the use of plant compost in organic farming had no significant effect on the availability of Fe, Mn and Cu over five different crop cycles. These results indicated that the organic orchardist must consider how to use, in terms of quantity and composition, the permitted organic inputs to compensate for mineral nutrient losses in the particular organic apple orchard.
Effect of orchard the management system and time on leaf mineral concentrations
Except for the Cu and Zn contents, the type of management system did not exhibit any significant influence on the concentrations of most of the nutrients evaluated and all of the leaf nutrients were within the sufficiency range under both management systems, with the exception of P and Ca (Table 4) (Sanchez et al., 2007) . Our results are comparable to those reported by Nachtigall and Dechen (2006) and , studies in which leaf N, P and K concentrations were reported to decrease during the apple tree vegetative cycle. The nitrogen concentration gradually decreased over time, reaching values below 1.8% in the organic orchard by the end of our experimental period (Table 4 ). This value is lower than the mean value (2%) determined by Nagy and Holb (2006) to be approximately 24 cm, whereas that in the conventional orchard was 17 cm. Whereas the potassium content was slightly but not significantly higher in the leaves of the organic apple trees, the opposite (lower K concentration in organic orchard) was determined in the soil samples. This discrepancy could be attributed to the increased yield of the conventional orchard and the translocation of K to the fruits, where it was found in great abundance and was the major element found in the fruits (Roussos and Gasparatos, 2009 ).
The orchard management system had a significant effect on the concentration of both Cu and Zn in the apple leaves and the time of sampling had a significant effect on almost all of the measured nutrients except for Mn (Table 5 ). In addition, the iron concentration presented a significant increase during the third sampling. The seasonal fluctuation of leaf mineral elements corresponds to the plant nutrient demand at each sampling event for use in organic farming in Greece. Although the copper concentrations in the leaves of the organically managed trees were quite high, they were below the toxicity limits (Kaplan, 1999) . These high leaf Cu concentrations determined in the organic orchard reflect the application of copper-containing fungicides during the last stages of fruit development (in September), whereas no copper-containing fungicide was applied during that time in the conventional orchard.
The zinc concentration exhibited a steady decrease throughout the growing season, with its concentration being significantly higher in the leaves of the conventionally grown trees (Table 6 ). This higher Of note is the fact that, although the yield per tree in the organic orchard was much lower than that of the conventional one (35 kg vs. 80 kg, respectively), the mineral concentrations determined in the leaf samples from both orchards do not justify this difference. This is partly due to the heavy fruit fall during the summer in the organic orchard (which otherwise would have had a high production) caused by codling moth infestation along with the greater dilution of the mineral nutrient concentrations in the shoots of the organic apple trees, which exhibited greater growth than those in the conventional orchard.
Conclusions
Based on the homogeneity of the inherent soil characteristics and under the same tillage operations (rotary tiller), our study did not provide evidence of statistically significant differences in the SOM between conventionally and organically grown apples. The comparison of the two management systems has emphasised that, in soils under organic farming, the continuous addition of high quantities of manure is important to maintain an adequate level of SOM, which is easily oxidised under the Mediterranean climatic conditions.
In addition, the farm management system did not exhibit any significant influence on the mineral contents of the trees.
Nevertheless, from an economic and environmental perspective, the fertilisation program applied in the conventional orchard could be considered more complex, expensive and with an increased carbon footprint in comparison to the organic orchard, which was essentially not fertilised (in terms of commercially available organic fertilisers). This, along with the lack of significant differences in the soil chemical properties between the two management systems, does not fully justify such a high investment of chemical fertilisers. Therefore, these economical and environmental advantages and the possible higher value of the organic apple fruit might partly compensate for the lower yields and the increased labour hours of organic management.
